Summary. The effects of acute loss of maternal blood on embryonic and placental development was examined in 50 rats on Days 8 or 9 of gestation. Blood was withdrawn from conscious, cannulated rats over a 1-min period at 1\m=.\0or 2\m=.\0 ml/100 g body weight. These degrees of blood loss were expected to produce a mild (about 50%) and severe (about 80%) reduction in uterine blood flow, respectively, for at least 15 min. There was no evidence that loss of blood affected either fetal survival and malformation rates or fetal weights and sex ratios. The anaemia resulting from haemorrhage lasted no longer than 6 days. Placental weights were 11 % higher in rats losing 2\m=.\0ml blood/100 g than in controls (P<0\m=.\05). It appears that the 8-or 9-day rat embryo is highly resistant to the partial reduction in uterine blood flow, maternal anaemia and other possible challenges induced by maternal loss of blood at levels sufficient to affect the mothers.
INTRODUCTION
Normal embryonic and fetal development depends on an adequate maternal placental blood flow. A temporary but total restriction of the uterine circu¬ lation has been shown to cause fetal death, growth retardation and malforma¬ tion in anaesthetized rats (Franklin & Brent, 1964; Bruce, 1972a) . In conscious rats these embryopathic effects are even more apparent (Bruce, 1972b) . Little is known, however, of the susceptibility of the embryo to a partial re¬ striction ofthe uterine circulation, an event more likely to have clinical relevance, since it is difficult to produce experimentally. Mechanical techniques, such as extra-corporeal circuits and vascular occlusion cuffs have been tried, but fetal mortality rates in control rats were greatly increased (Bruce, 1973) . A more physiological challenge, maternal loss of blood, was then investigated and was found to reduce the uterine circulation consistently to very low levels (Bruce, 1973) .
The present work was designed to correlate the reduction in uterine blood flow, following maternal blood loss, with the effects on subsequent embryonic development, and on placental weight since some forms of maternal anaemia have been reported to cause placental hypertrophy in women (Beischer et al., 1968 Bleeding and haematocrit readings. The experimental rats were bled on Days 8 or 9, a time when the rat embryo appears to be particularly susceptible to a total restriction of the uterine circulation (Franklin & Brent, 1964) . The losses of blood were 1-0 or 2-0 ml/100 g body weight and were expected to cause moderate (about 50%) and severe (about 80%) reductions in the uterine circulation respectively (values extrapolated from Bruce, 1973) . The blood was withdrawn steadily over a 1-min period and the rats were then allowed to recover quietly in their cages. Blood withdrawn from rats in Group 4 (see Table 1 ) was collected in a syringe previously rinsed with heparinized saline (1000 i.u./ml) and cooled to about 5°C. One hour after bleeding the blood was rewarmed and 50% was steadily returned to the rat over a 4-min period. The 
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The withdrawal of blood over a period of 1 min caused considerable changes in maternal behaviour. At the withdrawal level of 2-0 ml blood/100 g, 3/26 rats died within 10 min of bleeding. Of the 23 rats that survived when the loss was of the order of 2-0 ml blood/100 g, eight were given a score, 2 min after bleeding, of ', seven a score of ' , seven were given '2', and one was given '3'. Rats bled at the level of 1-0 ml/100 g were scored around '3' and the control rats showed no apparent behavioural change after a 100 µ sample Significantly different from control value: *P<005; **P<0-01; ***P<0-001 (unpaired t test).
f Scores for maternal behaviour 2 min after bleeding : 0, prostrate with no apparent postural re¬ flexes; 1, posture correct but no attempt to walk; 2, would walk if encouraged ; 3, active but dull; 4, normal.
had been taken for an haematocrit. Generally, rats bled at 2-0 ml/100 g were still dull but were moving around their cages within 15 min of bleeding. Rats bled at 1-0 ml/100 g appeared normal within 15 min of bleeding. When blood was replaced in the rats of Group 4, some hyperactivity was seen but normal behaviour returned within a few minutes.
There was no apparent effect of blood loss on the number of rats failing to maintain pregnancy between Days 7 and 22, the number of fetuses/litter surviving to term (range 8-6 to 11-8), or the % of male fetuses/litter (range 44 to 57%).
There was no apparent effect on external malformation rate ; only two fetuses were found to be malformed. Mean fetal weights appeared to be unaffected: the lowest weight, 3-582 g of Group 4 rats, was not significantly different from that of the control group, 4-070 g, and weights in the remaining Groups were all slightly higher than that in the control group. Placental weight was 11% higher in Group 5 (P<0-05) and Group 4 (not significant) than in the control group. There was no significant difference in fetal weight/placental weight ratios between the experimental and control groups. 
Values are Means ± S.E.M.
** Effect of time significant ( <0·01), analysis of variance. t Blood volume indirectly estimated by assuming original blood volume to be 7-0 ml/100 g body weight and at 'x' min after haemorrhage to be 7 -2 x (original haematocrit value/haematocrit value at min) ml/100 g.
The short term effect of loss of 2-0 ml blood/100 g on maternal haematocrit readings and estimated blood volumes was examined in five 9-day pregnant rats (Table 3) . Serial haematocrits were taken at 7\, 15, 30, 60, 120 min and 24 hr after bleeding. Blood volumes were estimated indirectly by assuming that the total circulating red blood cell pool was constant after blood loss and that the original blood volume was 7-0 ml/100 g. The blood volume immedi¬ ately after bleeding was then calculated to be 7-0 -2-0 ml/100 g or 71-4% of the original, and the blood volume at 'x' min after bleeding to be (original haematocrit value/haematocrit value at 'x' min after bleeding) 71-4%. On this basis the blood volume immediately after bleeding was 29% lower than normal, from 7-5 to 30 min it was about 15% lower and from 60 to 120 min about 8% lower. Within 24 hr of the loss of blood, the blood volume had returned to or even exceeded the original value.
DISCUSSION
It was essential to the present work that fully conscious rats were bled. Conscious rats differ markedly from anaesthetized rats in their physiological response to loss of blood (Bruce, 1973) and total restriction of the uterine circulation appears to have a greater embryopathic effect in conscious rats (Bruce, 1972b) . How¬ ever, cannulation to permit controlled bleeding and haematocrit sampling, had a marked effect on the amount of weight gained during pregnancy. Control rats from our colony normally gain about 90 g, and yet, apart from those rats that were excluded on the basis of having lost > 20 g after the cannulation operation, the amount of maternal weight gained had no apparent effect on the ability of fetuses to survive. Furthermore, except in three rats which gained <5 g, the amount of maternal weight gain had little effect on fetal weight. In ten rats the mean total weights of the fetuses and placentae were actually 16 + 4-2 g greater than the total increase in maternal weight, and yet litter sizes and fetal weights were well within the normal range. The developing rat conceptus appears to have a considerable ability for obtaining its nutritional requirements, at the expense of its mother if necessary.
The maj'or finding of the present work was that acute maternal loss of blood, up to the level of 2-0 ml/100 g body weight, had no apparent effect on fetal sur¬ vival, malformation rates or mean fetal weight. Wilson (1953) , who bled anaes¬ thetized pregnant rats from a tail vein on 3 successive days found that loss of blood <l-7 ml/100 g body weight/day also had little effect on pregnancy, although losses of 1-7 to 2-0 ml blood/100 g/day caused a loss of 33% of the litters. Since Wilson's rats were anaesthetized at the time of bleeding, the rate of bleeding was more protracted and the anaemia resulting from three successive bleeds was more severe, direct comparison between this experiment and that described in the present paper is difficult. Yet both experiments yielded the unexpected result that the rat embryo can tolerate severe losses of maternal blood.
The effects of a partial restriction of the uterine circulation appear to be considerably less severe than those of a total restriction. There are two possible reasons for this (Brent & Franklin, 1960) . The rat embryo might be able to tolerate, for short periods, a much reduced supply of nutrients or blood gases but not a total lack. On the other hand, if the fetal mortality is due to a build up of toxic waste products, these might well be cleared by a small, greatly reduced uterine blood flow but not by a total cessation of flow. In either case, it is now evident that the susceptibility of the rat embryo to a partial restriction of the uterine blood flow cannot be assessed from experiments involving a total restriction.
Losses of 1 and 2 ml blood/100 g caused a greater fall in the haematocrit reading than that, presumably due to the normal physiological anaemia of pregnancy (Bond, 1948) , observed in the control group. However all haemato¬ crit values had returned to control levels by 6 days after bleeding. From in¬ direct assessments, it appeared that the circulating blood volume had returned to normal levels within 24 hr, and thus, the anaemia and hypovolaemia induced by loss of blood never exceeded a duration of 6 days. In those rats subjected to loss of 2-0 ml blood/100 g, placental weights appeared to be higher than in the controls (P<0-05). This finding accords with the report of Beischer et al. (1968) that, in women, a number of forms of pathological anaemia during pregnancy are associated with enlarged placentae. In the rat, ligation of a uterine artery early in gestation also results in significantly increased placental weights near term (N.W. Bruce, unpublished) . These placental weight increases might well represent compensatory hypertrophy in an attempt by the mother to ensure an adequate supply of nutrients and oxygen for her fetuses.
Many experiments have now been conducted on the effects of a shortterm total restriction of uterine blood flow. It is clear that experimental condi-tions such as maternal temperature (George et al., 1967; Bruce, 1972a) and state of consciousness (Bruce, 1972b) can affect the results. The time of gestation at which the challenge is administered is also important. At about the time of implantation, Days 4, 5 and 6, restriction of uterine blood flow appears to be particularly lethal to the conceptus; on Days 8 and 9, embryos appear to be more resistant although malformation rates increase (Franklin & Brent, 1964) . Late in gestation, around Day 17, even a partial restriction of the uterine cir¬ culation, produced by ligating the uterine artery, markedly increased fetal mortality rates (Wigglesworth, 1964) . However, until more comparative information is available on the effects of blood loss on embryonic development in other species and the levels of uterine or maternal placental blood flow in nor¬ mal and clinically abnormal conditions are better understood, the clinical relevance of restricted uterine blood flow must remain speculative.
